We desaibe a sensitive technique combining dual-label immunocytochemistry (ICC) with isotopic in situ hybridization histochemistry (ISHH). We developed this technique to characterize the receptor andlor peptide content ofphenotypically identified neurons that express cell markers of neuronal activity (immediate early gene products) after physiological or pharmacological perturbation. Tissue was fted by perfusion with 4% paraformaldehyde in PBS, suaoseinfiltrated, and ayosectioned. Sections were stored in ayoprotectant or immediately hybridized. After smngent hybridization wash procedures, Eos and luteinizing honnonereleasing hormone (LHRH) neurons were visualized sequentially using immunocytochemistry. Finally, galanin mRNA
Introduction
Neuroanatomic and neurochemical studies of peptidergic neuronal systems have been facilitated by the development of sensitive duallabel immunocytochemical (ICC) and in situ hybridization (ISHH) methods. Studies with these methods have demonstrated that hypothalamic neurons expressing a common neuroactive substance can be divided further into subpopulations on the basis of differences in coexpressed peptide or receptor complement. However, the functional significance of neuronal subpopulations defined on the basis of these chemical differences has been difficult to determine without a method for detecting changes in the activity of individual neurons. Abundant data now indicate that many neu-Supported by NIH grant HD 27305 (SLP) and by a Research Board Grant from the University of Missouri (SLF' ).
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Results of this study indicate that a majority of the LHRH neurons activated during the luteinizing hormone (LH) surge (as indicated by presence of nuclear Fos staining) also express mRNA encoding galanin. Howevcr, there is not a complete overlap between the subpopulation of LHRH neurons that express Fos and that which expresses galanin "A. (J Histochem Cpochem &363-370, 1995) KM WORDS: Immunocytochemistry; Immunohistochemistry; In situ hybridization histochemistry; Triple-labeling; Luteinizing hormonereleasing hormone; Galanin; Fos; mRNA; Immediate early genes. ronal systems express immunoreactivity for immediate-early gene (IEG) products soon after activation (22, 26, 27, 29) . The god of the present studies was to develop a method with which we could further characterize responsive (IEG-positive) neuronal subpopulations based on their receptor and/or peptide content.
In these studies we focused on the luteinizing hormone-releasing hormone (LHRH) neuronal system of the hypothalamus, the final common pathway by which estrogen, through modulation of various neuropeptide, neurotransmitter, and amino acid systems, regulates luteinizing hormone (LH) secretion. Functional diversity of the LHRH system has been implied by studies demonstrating that not all LHRH neurons project to the median eminence, where they would presumably play a role in LH release (8,10,21,30). Furthermore, some but not all LHRH neurons coexpress Fos during the LH surge (5,6, [12] [13] [14] . indicating that only a subpopulation of neurons is activated during the surge. Finally, functional diversity is implied by ICC studies using different antibodies that recognize high molecular weight or fully processed forms of LHRH (40). The results of these studies indicate that there are subgroups of LHRH neurons that may vary in their rates of biosynthesis, processing, transport, or release under different steroid conditions (4).
In addition to their functional diversity, neurochemical diversity of LHRH neurons has been demonstrated by studies of receptor complement (25) and peptide co-localization (2, 19, 20, 34) . Of particular interest is a subpopulation of LHRH neurons that coexpresses the peptide galanin (2, 19, 20) . Although little is known about the physiological significance of this coexpression, there is abundant evidence that galanin plays an important role in LH secretion (15, 16, 18, 28) . However, until now there was no direct evidence that the LHRH neurons containing galanin comprise a subpopulation that is active during periods of LH hypersecretion. Therefore, in the present studies our goal was to determine whether the galanincontaining subpopulation of LHRH neurons also expresses Fos during the LH surge. To accomplish this goal, we developed a sensitive triple-label technique which combines dual-label ISHH with ICC or dual-label ICC with isotopic ISHH. A preliminary report of our 'results has been published in abstract form ( 7 ) .
Materials and Methods

Animals
Female Sprague-Dawley rats (Charles River, Wilmington, ME; n = 20, 200-225 g) were maintained under a controlled photoperiod (14LlOD, lights on at 0500 hr). The animals were ovariectomized, and steroid treated as described previously (23) . Briefly, 1 week after ovariectomy (Day 0). each was implanted sc with two silastic capsules containing estradiol in sesame oil (3 cm; 150 pglml). Surgeries were performed under methoxyflurane (Metofane; Pitman-Moore, Mundelein, IL) anesthesia. On the morning of Day 2 (0900 hr), animals were injected sc with 5 mg progesterone (50 m g / d diluted in sesame oil).
To verify and establish the time of peak LH release induced by this method, some animals (n = 6) were treated as described above, but on Day 1 were fitted with right atrial cannulae. On Day 2, serial blood samples were drawn hourly from 1100 through 1800 hr and serum was frozen for subsequent determination of LH concentrations by radioimmunoassay (23) .
Animals used for various ISHH and immunocytochemical analyses were anesthetized wkh 87 mg/kg ketamine (Sigma; St Louis, MO) and 10 mg/kg xylazine (Sigma) and were sacrificed by transcardiac perfusion between 1530 and 1700 hr on Day 2. A short initial flush with 0.1 M PBS, pH 7.4, was followed by fixation with 400 ml of a freshly made 4% paraformaldehyde solution in PBS. After perfusion, brains were removed and small tissue blocks were dissected out. For post-fixation, the tissue blocks were immersed in phosphate-buffered 4% paraformaldehyde solution for 1 hr. Infiltration of the tissue pieces with gradually increasing sucrose concentrations through 30% was performed in diethyl pyrocarbonate (DEPC, 0.1%; Sigma) -ueated, and subsequently autoclaved PBS solutions containing molecular biology grade sucrose (Fisher Scientific; Pittsburgh, PA) and sodium azide (0.1%; Fisher Scientific) preservative. After the hypothalami were soaked, they were snap-frozen on dry ice and 16-pm thick coronal sections were cut on a cryostat (Reichart-Jung; Nussloch, Germany) from the region of the organum vasculosum ofthe lamina terminalis ( O W ) through the rostral medial preoptic area (MPOA; A7470-AbSGO) (ll), where LHRH neurons were previously co-localized with Fos (5, 13, 14) and galanin (2, 19, 20) immunoreactivities. Sections were thaw-mounted onto a sterile glass hook and transferred immediately into pre-chilled cryoprotectant solution for longer storage at -20'C as described previously (17) . The cryoprotectant was made by dissolving 300 g molecular biological grade sucrose (Sigma) in 500 ml of 0.1 M DEPCtreated PBS, then adding 300 ml ethylene glycol (Fisher Scientific) and bringing the volume of the solution to 1 liter with DEPC-treated water.
LH Radioimmunoassay
Serum samples were assayed in quadruplicate for LH by methods described previously (23) . All samples were analyzed in the same assay. NIAMDD rat LH RP-2 was used as the reference material and iodinated rat LH (Hazelton Laboratories; Vienna, VA) as competitor. The CSU-120 antibody (provided by Dr. Gordon Niswender, Ft Collins, CO) was used at a final concentration of 1:120,000. In this assay, the least detectable amount of LH was 0.04 ng (the lowest amount of LH that significantly displaced iodinated LH from the antibody) and the intra-assay coefficient of variation was 5.6%.
Triple-labeling Procedure
The main steps of the triple-labeling procedure used are shown in Figure  1 and presented in detail below. To prevent degradation of tissue mRNAs, all solutions (except for the fixative and the cryoprotectant) used for incubations before ISHH were treated with DEPC and autoclaved. All metal and glassware was baked at 180'C overnight before use.
In Situ Hybridization Histochemistry Preparation of Anti-sense RNA Probes. Anti-sense cRNA probes labeled with digoxigenin or 3*S were prepared by in vitro transcription as described previously (24) . Briefly, a 330 BP BamHI-Hind111 fragment of the rat LHRH cDNA, corresponding to exons I-IV of LHRH mRNA, was subcloned into a modified pSP65 plasmid containing a T7 promoter (1) (provided by Dr. John Adelman, Vollum Institute, Portland, OR). The plasmid was linearized with HindIII and transcribed in the presence of digoxigenin-ll-UTP (Boehringer Mannheim). The template for in vitro synthesis of anti-sense pre-pro-galanin probe was prepared by cloning a 678 BP fragment of the rat pre-pro-galanin cDNA (35) into the EcoRI site of the Bluescript M13+ vector. The vector was linearized with HindIII and transcribed in the presence of [ 3%]-UTP The specificity of this probe was confirmed by demonstrating that the cRNA probe for galanin mRNA used in this study labels the same cells on adjacent sections as a previously described 44 base oligodeoxynucleic acid probe synthesized to detect galanin mRNA (complementary to bases 228-271 of rat galanin cDNA) (36) . In addition, we found good correlation between the neuroanatomic localization of galanin peptide as described in previous studies (19, 20) and the localization of galanin mRNA detected in the present study.
Preparation of Oligodeoqnucleotide Probe to Galanin. As an alternative to the cRNA probe described above, a synthetic 44 base oligodeoxynucleotide complementary to bases 228-271 ofthe rat pre-pro-galanin cDNA (36) was used to detect galanin mRNA. The probe was 3'-end-tailed with [33S]-dATP (New England Nuclear; Boston, MA) using terminal deoxynucleotidyl transferase (Gibco BRL; Gaithersburg, MD) as described previously (23) . In triple-labeling studies, detection of galanin mRNA with this probe was combined with ICC detection of Fos and LHRH.
Pre-incubation, Hybridization, and Washes. For pre-incubation, sections were removed from cryoprotectant solution by straining through sterile stainless steel fine-meshed sieves. The sieves were then placed in glass Pyrex custard dishes containing 4% paraformaldehyde-0.1 M PBS solution for 5 min. After this post-fixation, the sieves were lifted and the fixative was replaced with 2 x standard saline citrate solution (2 x SSC: 1 x SSC = 0.15 M NaCI-0.015 M sodium citrate, pH 7.0; Sigma) for a short (2-min) rinse. Tissues were acetylated with 0.25 % acetic anhydride (Fisher Scientific) in 0.1 M triethanolamine-0.9% NaCl (pH 8.0; Sigma) for 10 min, followed by a 2-min rinse in 2 x SSC. Then the sections were incubated in 50% formamide-4 x SSC containing 0.1% sodium dodecyl sulfate (SDS;
Boehringer Mannheim) and 25 mM dithiothreitol (m; Sigma) at 52'C for 30 min and stored in this solution until hybridized. Hybridization was performed in sterile 250-pI microcentrifuge tubes containing the hybridization buffer [SO% formamide, 4 x SSC, 10% dextran sulfate (SO0,OOO MW; Sigma), 1 x Denhardt's solution, 500 vg/ml heparin sodium salt After hybridization, sections were transferred into glass cylinders covered at one end with fine plastic meshwork for easier handling. The cylinders were placed in plastic tea strainers and post-hybridization treatments were performed by placing strainers in Pyrex custard dishes containing solutions. These treatments for tissues hybridized with the cRNA probes included: three 5-min rinses in 1 x SSC at room temperature (RT), a stringent wash in 50% formamide-2 x SSC at 52'C for 30 min, a 30-min digestion of excess probe with RNAse A (Boehringer Mannheim) [50 kg/ml dissolved in 10 mM Tris, 0.5 M NaCI, 1.0 mM ethylene diamine tetraacetate dihydrate ( E m , pH 8.0; Sigma)] at 37"C, followed by three sequential 30min stringent washes in 50% formamide-2 x SSC at 52°C. Finally, sections were rinsed in three changes of 1 x SSC for 10 min each on an orbital shaker at RT and then transferred into PBS.
Post-hybridization treatments of sections hybridized with the oligodeoxynucleotide probe consisted of four 30-min stringent washes in 50% formamide-2 x SSC at 40'C and sequential rinses in 1 x SSC and PBS solutions.
Sequential Detection of Fos Immunoreactivity, LHRH mRNA or Immunoreactivity, and Galanin mRNA Pre-treatment. Hybridized sections were treated with 3% H202 in methanol for 10 min to eliminate endogenous peroxidase (POD) activity, then washed twice for 5 min in PBS and blocked against nonspecific antibodybinding with 2% bovine serum albumin (BSA, Fraction V heat shock; Boehringer Mannheim) in PBS for 10 min. The primary and secondary antibodies were both diluted with 2 % BSA and 0.1% sodium azide in PBS.
Detection of fis Immunoreactivity. For ICC detection of Fos, the sec-tions were incubated in rabbit anti-Fos primary antibody (Oncogen Ab-2, 1:5000; Uniondale, NY) for 48 hr at 4"C, then in biotinylated anti-rabbit secondary antibody Uackson, 1:800; West Grove, PA) for 1 hr at RT. Next, the antigen-antibody complexes were reacted with the ABC-Elite reagent (Vector; Burlingame, CA) for 1 hr and POD-containing sites were visualized with a developer consisting of 0.014% 3,3'-diaminobenzidine tetrahydrochloride (DAB Sigma), 0.4% nickel ammonium sulfate hexahydrate (Sigma), 0.01% H202. and 0.23% sodium acetate trihydrate in 0.05 M Tris buffer solution (pH 8.0). Sections used for multiple labelings were treated with 3% H202 in methanol for 10 min to destroy POD activity that might interfere with the subsequent ICC detection system. Optionally, Fos immunoreactivity was detected with the alkaline phosphatase (AP)-based ABC detection system (ABC-AP; Vector). In this case, sections were first rinsed in Buffer A (100 mM Tris-HC1, pH 7.5, 100 mM NaCI) three times for 10 min, then in Buffer B (100 mM Tris-HCI, pH 9.5, 100 mM NaCI. 50 mM MgC12) for 5 min. The developer was freshly prepared by the addition of 45 p14-nitroblue tetrazolium chloride solution (NBT; Boehringer Mannheim), 35 kl 5-bromo-4-chloro-3-indolyl-phosphate solution (BCIP, X-phosphate; Boehringer Mannheim), and 2.4 mg levamisole (Sigma) in 10 ml Buffer B. For color development, sections were incubated in this chromogen solution at 4'C in the dark for several hours.
Detection ofLHRH Neurons. LHRH neurons were detected using either nonisotopic ISHH or ICCH.
To detect digoxigenin-labeled cRNA probes hybridized to LHRH "A, sections were incubated with either sheep anti-digoxigenin antibody conjugated to horseradish POD (Antidig-POD, Fab fragments, ~2 0 0 ;
Boehringer Mannheim) or sheep anti-digoxigenin antibody conjugated to AP (AntidigAP, Fab fragments, 1:lOOO; Boehringer Mannheim). The color reaction for demonstration of the POD-conjugated antibody was developed in Buffer A containing 0.02% DAB and 0.005% H202, whereas the BCIP-NBT chromogen described above was used for visualization of the AP reaction.
For visualization of LHRH immunoreactivity, either a rabbit polyclonal antiserum (U-1, 1:lOO.OOO; kindly donated by Dr. R.A. Benoit, Montreal, Quebec, Canada) or a mouse monoclonal antibody (33) (HU4H. 1:iOOo; generously provided by Dr. H.F. Urbanski, Beaverton, OR) was used for ICC detection of LHRH by the biotinylated secondary antibody-ABC-POD system. LHRH-immunoreactive (IR) sites were visualized with the brown DAB chromogen.
Detection of 3'S-hbeled cRNA Probe or Oligodeoxynucleotide Probe Hybridizedto Gdanin mRNA. After detection of LHRH mRNA or protein, sections were copiously washed in PBS and placed in 50% ethanol containing 300 mM ammonium acetate for 5 min. This solution was replaced with 70% ethanol-300 mM ammonium acetate and the sections were mounted on gelatin-coated glass slides with a fine-bristled paintbrush and air-dried. Some mounted sections were further dehydrated through 100% ethanol, air-dried, then dipped into 1% Parlodion (Sigma) in acetone (39) . After a short drying period, sections were coated two more times with Parlodion solution in the same way. Then, both Parlodion-coated and untreated slides were dipped into Kodak photographic emulsion (NTB-3; Kodak, Rochester, NY) and exposed for 3-5 days at 4'C. Autoradiographs were developed with Kodak Dektol developer and fixed with Kodak Fixer. Finally, sections were dehydrated in increasing ethanols, transferred into xylenes, and immediately coverslipped with Permount. BCIP-NBT-stained sections were coverslipped with CrystallMount (Fisher Scientific), an aqueous mounting medium.
Quantitation by Cell Counting. Sections from 10 animals sacrificed between 1530 and 1700 hr were analyzed to estimate the degree of overlap between the Fos and galanin mRNA-containing LHRH neuronal subpopulations. A total of 674 LHRH neurons in the OVLT and MPOA regions were included in this study.
Results
We verified by radioimmunoassay that the estrogen and progesterone treatment of ovariectomized rats we used reliably induced LH surge release, which peaked between 1500 and 1700 hr ( Figure 2 ). This steroid treatment also induced Fos expression in a subset of LHRH neurons during the surge.
The methods described above resulted in well-preserved ICC and ISHH signals after triple-labeling procedures. The regions of the OVLT and the MPOA of female rats contained many Fos-IR nuclei, which were visualized with the purple-black BCIP-NBT chromogen (AP-based detection system; Figure 3A ) or the dark blue-black nickel-DAB chromogen (POD reaction product; Figures 3B-3E ). The subsequent detection of LHRH neurons with the DAB chromogen using either ICC ( Figures 3A-3D ) or nonisotopic ISHH ( Figure 3E ) revealed many LHRH neurons in the OW-MPOA region that coexpressed Fos immunoreactivity in their nuclei. LHRH neurons without Fos immunoreactivity were also present in the same areas ( Figure 3C ). LHRH neurons with either irregular profiles ( Figure 3B ) or a characteristic fusiform shape (Figure 3C) were co-localized with Fos. Although detection of digoxigenin-labeled LHRH probe with the AP-enzyme reaction yielded comparable staining intensity to that provided by LHRH ICC, the BCIP-NBT chromogen gave insufficient contrast with nickel-DAB, and therefore this combination was not optimal for double labeling of Fos-and LHRH-containing suuctures (data not shown). Both the mouse monoclonal ( Figures 3A-3D and 31-3K ) and the rabbit polyclonal anti-LHRH antibodies resulted in excellent immunostaining for LHRH-containing perikarya. With the double ICC approach, LHRH-IR axom were often seen in juxtaposition to LHRH-IR neurons (Figure 3C) , as well as Fos-IR, LHRH-negative preoptic neurons ( Figure 3D ). As observed earlier on slides that were processed for autoradiography without Parlodion coating, the presence of BCIP-NBT immunostaining in tissue sections resulted in nonspecific chemographic art& (24.39 ). In the present study, we found that NI-DAB was also capable of producing high levels of nonspecific autoradiographic background ( Figures 3K3H) . Moreover, ueatment of unprotected sections with the photographic developer and fixer resulted in severe losses of the Ni-DAB signal from Fos-IR nuclei ( Figures 3G and 3H) . Although some triple-labeled neurons could still be recognized, the color contrast between nuclear Ni-DAB and cytoplasmic DAB was greatly diminished ( Figure 3H ). In contrast, coating of slides with several layers of Parlodion, which was introduced earlier against chemographic artifacts on BCIP-NBT-stained material (38) , fully prevented decoloration of the Ni-DAB precipitate and also eliminated emulsion fogging. In this way, single-, double-, and triple-labeled LHRH neurons were detected in the regions of the MPOA (Figure 31 ) and OVLT ( Figure 3J ). The oligodeoxynucleotide probe to galanin was also successfully used in triple-labeling studies after Parlodion coating of the sections (Figure 3K) .
It is noteworthy that several subpopulations of galanin "Acontaining, LHRH-immunonegative neurons also expressed Fos immunoreactivity. Areas containing such galaninergic neurons included the sexually dimorphic antetovend periventricdar nucleus (AVPV) and the anteroventral preoptic nucleus (AVO; Figure 3K ). In the latter area, Fos immunoreactivity was generally faint, but a high proportion of Fos-IR neurons expressed mRNA for galanin. 
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Discussion
We describe here a sensitive triple-labeling technique for characterizing the receptor or peptide coexpression in IEG-IR subpopulations of chemically identified neurotransmitterlneuropeptide systems. This triple-labeling technique will be particularly valuable for analysis of the receptor complement of functionally heterogeneous neuronal systems.
In the present application of the triple labeling, we determined that 76.8% of the LHRH neurons that express Fos immunoreactivity during periods of LH hypersecretion also express mRNA encoding galanin. Furthermore, 73.6% of the galanin mRNAcontaining LHRH neurons also express Fos. Therefore, a high proportion, but not all, of the LHRH neurons that appear to be activated also express mRNA encoding galanin. It is possible that we underestimated the number of triple-labeled cells by underestimating either the number of LHRH neurons that express Fos or those that express galanin. However, the percentage of Fos-positive LHRH neurons we detected was approximately 15% greater than reported previously in estrogen-and progesterone-treated rats during peak LH release and maximal Fos expression (14) . For this reason, we believe that it is unlikely that we are underestimating the number of Fos-positive neurons. The percentage of LHRH neurons we detected which express galanin during the LH surge (65.2%) is also in agreement with values previously reported (19) for female rats. Therefore, we conclude that although a majority of LHRH neurons that appear to be active during LH surge release contain galanin, there is not a complete overlap in these subpopulations.
In the development of our triple-labeling method, we addressed several technical concerns. First, to successfully combine ICC and ISHH, tissues must be fixed sufficiently to retain proteins of interest, but not so heavily fixed that the mRNA is not readily accessible to probes. We found, in agreement with previous studies (31, 32) , that perfusion-fixation with 4% paraformaldehyde in PBS satisfies these criteria. Penetration of the probe did not pose a problem, even when we used a cRNA probe that was approximately seven or eight times longer than synthetic deoxynucleotidyl probes used in previous studies of perfused tissues (31, 32) .
Our second concern was that the method must be sensitive enough to detect mRNAs of low abundance. Therefore, we chose to use cRNA probes rather than oligomeric DNA probes as described previously (32) because the former can be labeled to higher specific activities and therefore can be used to detect even low-abundance mRNAs (25) . This capability of cRNA probes is particularly advantageous for examining coexpression of mRNAs encoding specific receptors that may not be abundant in individual neurons. For example, in a previous study we used dual-label ISHH with cRNA probes to demonstrate that approximately 75% of LHRH neurons in the region of the OVLT-rMPOA express mRNA encoding the P3-receptor subunit of the GABAA receptor (25) . By using triple labeling we can now determine whether these neurons comprise the same population that expresses Fos and/or galanin during the LH surge.
A third concern in the development of this method was the storage of tissue sections before hybridization. We chose to store tissue sections in cryoprotectant solution as described previously (17) . Our work confirmed that of previous studies demonstrating that long-term storage of brain sections in cryoprotectant solution preserves antigenicity of proteins, tissue morphology (37) , and mRNAs (17) . In our application, the main advantage of cryoprotectant storage is that we could process floating sections from a relatively large number of treated and control animals simultaneously within the same hybridization. This is an important requirement for studies in which changes in mRNA induced by specific treatments are measured by quantitative autoradiography.
In developing our method, a final concern was that conditions of hybridization and post-hybridization treatments might damage the antigenicity of proteins. However, we found that incubation of sections at temperatures as high as 55°C did not seem to interfere with subsequent ICC detection of Fos and LHRH. Although we did not specifically investigate the reason for the thermostability of antigenic sites, it seems possible that it was attributable to efficient cross-linking of proteins by the fixative.
For any specific application of our method, either the combination of dual-label ICC and isotopic ISHH or the combination of dual-label ISHH and ICC can be used. In the present studies we found the former combination preferable, because our antibodies provided higher staining intensity in labeling LHRH neurons than did the non-isotopic ISHH detection of digoxigenin-labeled probes for LHRH mRNA. We tested several chromogen combinations for double labeling of Fos-and LHRH-containing neurons. The best contrast was obtained when LHRH neurons were visualized with either ICC or non-isotopic ISHH using the brown DAB-peroxidase reaction product. Non-isotopic ISHH detection of LHRH mRNA with the AP-BCIP-NBT method also provided high sensitivity and dark labeling of LHRH neurons; however, the contrast between the chromogen reaction product and silver grains was not sufficient for reliable computer-assisted quantitation. Fos immunoreactivity could be detected at high sensitivity with either BCIP-NBT (ABC-AP technique) or NI-DAB (ABC-POD method) chromogens. Unfortunately, both endproducts left chemographic artifacts when slides were dipped in Kodak NTB3 nuclear track emulsion without first coating them with Parlodion. In addition, solubilization and decoloration of Ni-DAB-stained structures by the photographic developer and fixer occurred on the sections not protected with Parlodion. Therefore, use of the Parlodion treatment before autoradiography was required in both instances. As an alternative to Parlodion coating, chemography can be eliminated by using Ilford K-5 instead of the Kodak NTB3 nuclear track emulsion to visualize autoradiographic signals in BCIP-NBT-labeled sections (39) . This approach, however, does not prevent solubilization oft! NI-DAB chromogen during the photographic development proc ,>.
Un the basis of the results of these studies, we believe that this method will be important in determining the receptor complement of LHRH and other neurons. The use of isotopic ISHH to detect mRNA encoding the receptor protein rather than ICC to detect the protein itself has several advantages. First, probes for cloned receptors are readily available. Second, even in receptor families in which there is a high percentage of conserved sequences among subtypes, very specific probes can be made to distinguish between mRNAs encoding structurally similar proteins, whereas raising specific antibodies might be difficult. Third, mRNAs usually reside in the perikaryon and proximal dendrites of neurons, whereas receptor protein is often found in terminal regions of complex neuropil (3). The proximal distribution of mRNAs makes it easier to verify co-localization. A final advantage is that the autoradiographic signal for regulatory peptide or receptor mFWA can be quantitated using a computer-assisted image analysis system.
In conclusion, we developed a sensitive triple-labeling technique to study the receptor or regulatory peptide complement in IEG-IR subpopulations of functionally heterogenous neuronal systems. Using this technique, we established a significant overlap between two subsets of LHRH neurons that differentially express Fos-JR galanin mRNA during the estrogen-and progesterone-induced LH surge. With this sensitive approach, it will now be possible to determine the receptor and/or regulatory peptide complement of subpopulations of LHRH neurons that express Fos protein after various physiological manipulations. We believe that this method will be a valuable tool for identifying the complex afferent neurocircuitry by which estrogen and progesterone regulate LHRH neuronal activity. Furthermore, this technique will be suitable for similar applications in studies of a variety of other functionally heterogeneous neuronal systems.
